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High-field asymmetric waveform ion mobility spectrometry (FAIMS) separates ions at
atmospheric pressure based on the difference in the mobility of an ion in a strong electric field
and in a weak electric field. This field-dependent mobility of an ion is reflected in the
compensation voltage (CV) at which the ion is transmitted through FAIMS at an applied
asymmetric waveform dispersion voltage (DV). In this report, we show that experimental CV
peak shapes using dome tipped inner electrode FAIMS prototypes with inner/outer electrode
radii of: (1) 0.2/0.4 cm and (2) 0.4/0.6 cm are a function of the longitudinal position of the inner
electrode. Varying the longitudinal position of the inner electrode modifies the electric fields
between the surfaces of the hemispherical shaped inner electrode and the outer electrode in the
vicinity of the ion outlet. In this region the position-dependent electric field strength (E/N)
effectively forms a second tandem FAIMS analyzer region having differing ion separation
properties. The final tandem FAIMS separation is the intersection of the CV windows of these
two differing FAIMS separations and, therefore, the peak width in the CV scan is dependent
on the longitudinal tip displacement (LTD) of the inner electrode. CV scans are shown for a
LTD range of 0.14 to 0.4 cm. These scans illustrate that it is possible to control the FAIMS
resolution (CV/peak width) from about 1 for the 0.2/0.4 cm electrode set at intermediate
longitudinal position to over 10 at the narrowest distance between the inner electrode and the
ion outlet. (J Am Soc Mass Spectrom 2005, 16, 948–956) © 2005 American Society for Mass
SpectrometryHigh-field asymmetric waveform ion mobilityspectrometry (FAIMS) is a technology that sep-arates ions at atmospheric pressure based on
the difference in the mobility of an ion in strong and weak
electric fields [1–14]. Fortuitously, the separation in
FAIMS is based on different physical effects than the
separation of conventional drift tube ion mobility spec-
trometry, as well as being independent of the m/z of the
ion measured by mass spectrometry [13]. In general, a
tandem separation system such as LC-FAIMS-MS offers a
powerful separation capability because the mechanism of
separation of each device is independent. Such a tandem
system composed of liquid chromatography, FAIMS, and
mass spectrometry (LC-FAIMS-MS) has been applied to
the separation of peptides from a tryptic digestion [15].
FAIMS has been shown to be a powerful ion pro-
cessing tool for improving the detection limits of quan-
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for ion sources characterized by a high intensity of
background ions. Analytical applications ranging from
detection of inorganic species to the study of protein
conformers have been demonstrated [9, 10, 13, 16 –20].
A recent review [21] serves as an introduction to FAIMS
literature, both in the areas of physical chemistry and
applications.
In a recent paper, Smith and coworkers have under-
taken a study of the resolution and sensitivity of FAIMS
[22], making comparisons between experimental data
and the results of ion trajectory computations. Shvarts-
burg et al. [23] have also studied the behavior of several
ions in gas mixtures, and compared experimental re-
sults with predictions based on the theory of ion mo-
bility in mixtures of gases [24]. Shvartsburg et al.
suggest that significant improvements of separations
utilizing FAIMS are possible using pairs of gases with
widely disparate properties, one example cited being
mixtures of He/SF6. Further work remains to establish
the practical applicability of this unusual mixture of
gases. Models based on the field-dependence of the
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have been proposed to qualitatively explain the behav-
ior of an ion in these unusual gas mixtures, but these
proposals remain to be theoretically or experimentally
substantiated. More recently Smith and coworkers
studied the impact of the design and the operating
parameters on the optimization of FAIMS analyzers
[23]. The theory of the impact of several experimental
parameters, including the width of the analytical gap,
waveform shape and frequency, and gas flow speed on
FAIMS performance were investigated.
The practical application of FAIMS as an ion process-
ing tool for mass spectrometry may require the design
of electrodes with ion transmission and ion separation
characteristics tuned for solving particular analytical
problems. For example, the separation of conformers of
proteins and the separation of isomers may require
optimized resolution, whereas the analysis of tryptic
fragments of a protein digest may be better served by a
device capable of high sensitivity and high signal-to-
background ratio, but having sufficiently low resolution
that a maximum number of multiply charged ions can
be simultaneously detected without stepping the CV
[15]. A recent study has suggested that such targeted
performance is feasible, showing that the diameter of
the electrodes in FAIMS is a key mechanical parameter
controlling the resolution and sensitivity of FAIMS [27].
In this report, we consider the impact of the longi-
tudinal location of the dome tipped inner electrode on
the performance of FAIMS. The effect of the LTD on
resolution and sensitivity was investigated for two
prototypes of domed electrode FAIMS having inner/
outer electrode radii of 0.2/0.4 cm and 0.4/0.6 cm.
Experimental
Figure 1 illustrates a cross section view of a domed
electrode version of FAIMS in which the inner cylindri-
cal electrode is terminated as a hemisphere and the
outer electrode has a cylindrical inner surface, also
terminated in a hemispherical shape. For this study,
experimental measurements were taken with two
FAIMS prototypes with inner/outer cylinder radii of
0.2/0.4 and 0.4/0.6 cm. In the domed device shown in
Figure 1, the ions were first separated in a 0.2 cm wide
annular space between the concentric cylinders along a
region of the electrodes in which the inner and outer
electrode surfaces are parallel. The ions that have
passed along the first parallel region are then subjected
to a second condition at the tip of the domed electrode
in which the width of the spacing between the inner and
outer electrodes (LTD) was variable as indicated in
Figure 1. The LTD was varied from about 0.15 to 0.45
cm. The total ion pathway length from the ion inlet
orifice to the ion outlet was about 3.5 cm. A gas flow of
about 1 L/min carried the ions along the analyzer
region, and transported the ions into the vacuum sys-
tem of an ion trap mass spectrometer (Thermo Electron
LCQ Deca XP Max, San Jose, CA).As shown in Figure 1, the inner cylinder of FAIMS is
terminated as a hemisphere with the same radius as the
cylindrical portion of the electrode. The end of the outer
cylinder is also hemispherical in shape and has an ion
outlet opening of about 1 mm at its center, with razor
sharp edges. In the FAIMS device shown in Figure 1 a
longitudinal tip displacement within the range of 0.17
to 0.25 cm was typically required for optimum opera-
tion of FAIMS. Since the surfaces at the end of the
electrodes are curved to form a spherical geometry, the
electric fields in the radial direction (relative to the
center of the hemisphere at the tip of the inner elec-
trode) are not identical to those along the annular,
cylindrical geometry, analyzer region. For this reason,
the longitudinal location of the inner electrode was
adjustable and the optimum location was established
empirically.
The radial variation in electric field strength in the
region of spherical geometry differs from that in the
cylindrical geometry region of FAIMS. The behavior of
the ions in both FAIMS analyzer regions was modeled
with numerical processing techniques described previ-
ously [27–30]. This technique was used to calculate the
distribution of the ions between the electrode surfaces
and to calculate the time-dependent changes in ion
density following ion introduction due to the loss of
ions that occurs when a portion of the ion distribution is
in contact with an electrode surface.
For this study, the ions were generated by electros-
pray ionization using the ESI source provided on the
Thermo Electron LCQ Deca XP Max mass spectrometer.
A fine tipped capillary with a concentric flow of nebu-
lizer gas (nitrogen at 300 mL/min) was held at 3800 V
relative to the FAIMS curtain plate. A solution of 2 mM
cesium iodide in MeOH was delivered at a flow rate of
1 L/min to the electrospray capillary by a syringe
pump. The FAIMS curtain plate was held at 1000 V
Figure 1. Cylindrical FAIMS with a dome tipped inner electrode
supported by a PEEK mounting ring with gas-tight connection to
the ion inlet of a Thermo Electron LCQ Deca XPMax ion trap mass
spectrometer. The position of the hemispherical tip of the inner
electrode was adjustable relative to the outer electrode.more positive than the outer FAIMS electrode to assist
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FAIMS. A flow of purified dry nitrogen curtain gas (3.5
L/min) was provided between the FAIMS curtain plate
and the FAIMS outer electrode to assist in desolvation
of the ions produced by electrospray, and to minimize
the entrance of droplets and neutral solvent molecules
into the FAIMS analyzer. Ion separation and transmis-
sion through FAIMS is adversely affected by trace
contaminants in the carrier gas stream [4].
The window of CV for transmission of Cs through
each FAIMS prototype was measured at different asym-
metric waveform dispersion voltages (DV) from 2500 to
5000 V by scanning CV from 0 to 60 V while moni-
toring m/z 133 at a given DV. The FAIMS prototypes
were constructed with a PEEK support ring designed to
be mounted in gas-tight connection onto the ion inlet
capillary of the MS instrument. The outer cylinders of
the FAIMS prototypes were inserted into the PEEK
support ring until the outer electrode was close to the
tip of the capillary. The ion source housing provided
with the Thermo Electron LCQ Deca XP Max was offset
from its original location by extending the support pins,
and gas and electrical connections by about 2.8 cm.
The LTD was established by measuring the length of
the electrode that protruded out of the back of the
electrode support, relative to a position in which the
inner electrode was in contact with the outer electrode
(LTD of zero length).
Results and Discussion
Figure 2 illustrates a series of compensation voltage
(CV) scans for Cs ion m/z 133 collected at various peak
voltages of the asymmetric waveform (dispersion volt-
age, DV). From this data (296 K, 770 Torr) the field
dependence of the mobility of the Cs ion can be
determined [21, 31–33]. In order to use the calculation
procedures described previously, the LTD of the proto-
types used in this work was set at values determined to
have negligible impact on the CV peak shape. The 
parameter was estimated as 8  106 Td2 and the 
parameter to be zero. Although the numerical values of
 and  appear to differ between publications, these
values are used to calculate the mobility at high E/N,
and the various pairs of alpha, beta yield K(E) values
that are comparable. Also, the parameters  and  are
applicable up to the limit of field strength within the
data set used for their determination, and must not be
used in an extrapolation to field strengths beyond that
of the original data set.
The distribution of the cloud of ions between the
surfaces of the inner and outer electrodes of FAIMS
can be estimated based on the counter-balance of two
opposing effects: a first virtual potential well that
tends to confine the ions (focusing effect [11]) and a
second series of effects that tend to disperse the ions
(diffusion, electrostatic repulsion, gas turbulence
etc.). The focusing effect is readily determined using
a numerical simulation of the ion motion during onecycle of the asymmetric waveform at each radial
distance within the annular space between concentric
cylinders. The net displacement of the ion during one
cycle of the waveform at each radial distance is
translated into a virtual electric field, which is in turn
is converted by integration into a virtual potential
well [27, 28]. The behavior of a cloud of ions in the
time-independent virtual potential well is deter-
mined using a numerical simulation that treats the
cloud as a compressible fluid [27].
Figure 3 illustrates examples of the distribution of
ions calculated at two locations shown as “A” and
“B” in the domed version FAIMS with inner/outer
electrode radii of 0.4/0.6 cm illustrated in Figure 3a.
At location “A” the electrode geometry is cylindrical.
At location “B”, assuming that the longitudinal tip
displacement is exactly equal to the electrode spacing
at “A”, the electrode geometry is spherical. In both
cases, the ion distribution was calculated as a final
equilibrium time-independent state. This steady state
Figure 2. CV scans of Cs ion at various asymmetric waveform
voltages taken using domed FAIMS with inner/outer electrode
radii of (a) 0.4/0.6 cm and (b) 0.2/0.4 cm.is reached as a result of an exact balance between the
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of diffusion. If the ion distribution extends suffi-
ciently widely to contact an electrode surface, ions
are lost and the distribution is no longer time-
independent.
The steady state ion distribution is readily calculated
once the virtual potential well has been determined
using numerical techniques. For example, assume that
the virtual potential well can be described by V(r), at
some CV, DV experimental conditions for an ion of
interest. If the radial ion distribution is n(r), the number
of ions that are moving across a boundary at radial
location r via diffusion is computed using the coeffi-
cient of diffusion D and the gradient of ion density in
the radial direction at location r. Similarly, the number
of ions that cross in the opposite direction because of
the focusing effect of the virtual potential well is calcu-
Figure 3. Calculated distribution of Cs ion between the surfaces
of a cylindrical domed FAIMS with inner/outer electrode radii of
0.4/0.6 cm in cylindrical and spherical regions shown in (a) at
asymmetric waveform voltage of 5000 V, (b) CV of 52 V, and (c)
CV of 33 V.lated from the mobility of the ions and the strength ofthe virtual electric field. Setting these two quantities
equal gives:
Ddn(r)dr Kmobn(r)E(r) (1)
where Kmob is the low field ion mobility and E(r) is the
virtual electric field. This differential equation is solved
to show that the ion distribution n(r) is:
n(r)npexpKmobVv(r)D  (2)
where Vv(r) is the virtual potential determined from the
integration of E(r), taking the bottom of the potential
well to be at a potential equal to zero. The constant of
integration is np, the peak ion density in the distribution
n(r). The ratio of Kmob/D is equal to q/kT at low field
strength, the well-known Nernst-Townsend-Einstein
relationship. In stronger fields, a generalized Einstein
relation is applicable [24], which describes Kmob/D in
terms of coefficients of diffusion in the transverse (DT)
and longitudinal directions (DL) relative to the direction
of ion travel. In FAIMS the ion distribution described by
eq 2 is always aligned with the longitudinal ion motion
and DL (averaged over one cycle of the asymmetric
waveform) can replace D in eq 2. Since the DL in strong
fields exceeds the low-field D, the ion distribution is
slightly widened. The impact of this widening of the ion
distribution on the peak shapes in CV spectra is pre-
dicted to be small [22].
Figure 3 shows the calculated time-independent dis-
tribution of ions at locations A and B for an electrode set
having radii 0.4/0.6 cm operated at DV 5000 V and at
compensation voltages of 52 and 33 V. Figure 3b
shows that at CV  52 V the cloud of ions is close to
the inner electrode along the cylindrical portion of
FAIMS, and Figure 3c shows that at CV  33 V the
cloud of ions is close to the outer electrode. In order to
use eqs 1 and 2, the ion cloud must not contact either
electrode. Contact with an electrode results in a time-
dependent exponential decay in the density of the ion
cloud as the ions are neutralized by contact with the
electrode. The time-constant for the exponential loss is a
function of the degree that the distribution overlaps
with the electrode and the derivative of this distribution
near the electrode.
Figure 3 also illustrates the radial ion distributions
(indicated by “B” in Figure 3b and 3c) calculated for
electrodes with spherical geometry. In practice, since
the ions are being transported by a flow of gas around
the terminus of the inner electrode, it is possible that (1)
insufficient time is available to reach time-independent
equilibrium and/or (2) motion of the gas in a curved
region forms eddies that distort the radial ion distribu-
tion. Nevertheless, for illustrative purposes Figure 3
shows that in both cases, CV 52 and CV 33, the
equilibrium ion distribution would be farther from the
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the cylindrical geometry. In other words, if the CV is
more negative than52 V, the ions will collide with the
walls of the cylindrical portion of FAIMS, but (if they
reached this far) the ions would not collide with the
walls of the spherical portion. Similarly, at a CV less
negative than 33 V, the ions collide with the outer
walls along the cylindrical portion of FAIMS, but ions
would not be lost if they reached the spherical portion
of FAIMS. The range of CV for which the ion cloud
remains within the electrodes is wider for the spherical
geometry than for the cylindrical geometry. Similarly,
Figure 3 illustrates that the focusing effect of the virtual
potential well is stronger for spherical geometry than
for cylindrical geometry, and the equilibrium ion dis-
tributions are narrower in the location “B” than “A” in
Figure 3.
Figure 4 illustrates a comparison of an experimental
measurement (Figure 4a) of the transmission of Cs ion
through FAIMS at DV 5000 V for electrodes with
inner/outer radii of 0.4/0.6 cm, and the computed CV
traces for ideal cylindrical (Figure 4b) and ideal spher-
ical geometries (Figure 4c). The computed CV traces
were calculated by a method [27] that includes ion
focusing, diffusion, changes in diffusion in strong
fields, and a mechanical redistribution of ions that
simulates gas turbulence and/or transient chemical
associations of the ions.
The traces shown in Figure 4 indicate that for the
specific condition in which the longitudinal tip dis-
placement is approximately equal to the spacing in the
cylindrical region of FAIMS, the width of the CV trace
is controlled by the transmission of the ions as they pass
along the cylindrical region of FAIMS. It is therefore
expected that within a short range of LTD the peak
shapes are not influenced by the longitudinal location
of the inner electrode.
When the longitudinal tip displacement is modified
to be significantly different from the spacing of the
electrodes along the cylindrical portion of FAIMS, the
CV traces are experimentally observed to change. Fig-
ure 5 illustrates a series of scans of CV taken with the
inner electrode of a 0.2/0.4 cm FAIMS at various LTD
positions. Similarly, Figure 6 illustrates CV scans taken
at several LTD values using a 0.4/0.6 cm FAIMS. In
both cases, the CV scan extends over a maximum range
of voltages for transmission of Cs when the LTD is
approximately 0.2 cm. The width of the window of CV
voltages for transmission of Cs decreases if the LTD is
either increased or decreased significantly relative to 0.2
cm.
The traces on Figures 5 and 6 reflect both the ranges
of transmission of Cs and the relative detected inten-
sity of the ions at DV  5000 V as a function of LTD.
From Figure 5 the maximum CV window over which
Cs can be transmitted using a 0.2/0.4 cm FAIMS is
from 25 to 58 V. The resolution (CV/peak width) is
only about 1.2. By decreasing the LTD to about 0.17 cm
the resolution is increased to about 5 without a changein sensitivity. Further decrease of LTD provides better
resolution, but is accompanied by a loss of sensitivity. It
appears that an increase of LTD beyond 0.3 cm is
always accompanied by loss of sensitivity.
Figure 6 indicates that the CV window for Cs
transmission using a 0.4/0.6 cm FAIMS is significantly
decreased relative to the 0.2/0.4 cm FAIMS. The Cs
ion is transmitted over a window of CV that ranges
from 31 to 52 V at a LTD of 0.2 cm with resolution
of about 2. By decreasing LTD it is possible to increase
the resolution to about 6 without sacrifice of sensitivity.
In fact it is interesting to note that this decrease of LTD
is somewhat accompanied by an increase of sensitivity.
Figure 4. (a) Experimental CV scan for Cs at DV 5000 V using
cylindrical domed FAIMS with inner/outer electrode radii 0.4/0.6
cm, and calculated CV scans assuming purely (b) cylindrical and
(c) spherical geometry.The CV peak shape is very sensitive to LTD when the
953J Am Soc Mass Spectrom 2005, 16, 948–956 CV PEAK SHAPES USING A DOMED FAIMSinner electrode is translated to decrease LTD from
about 0.2 to about 0.16 cm.
FAIMS Resolution Adjustment Using LTD
Although it is beyond the scope of this report to exactly
define the peak shapes for the domed FAIMS when
LTD is considerably different from the analyzer width
along the cylindrical portion of the electrodes, it is
informative to consider the mechanism that controls the
width of the peaks.
By translating the inner electrode so that LTD is
wider or narrower than the normal analyzer width, the
region around the tip of the domed electrode deviates
from either cylindrical or spherical geometry, and the
modeling of the electric fields must be done using an
approach similar to that used by the ion trajectory
calculation program SIMION. This calculation was de-
scribed and used previously to model ion trapping in a
domed FAIMS with small dimension electrodes [28].
Briefly, the fields are calculated using a numerical
technique called a relaxation method which iteratively
Figure 5. Experimental CV scans for Cs at DV 5000 V using
cylindrical domed FAIMS with inner/outer electrode radii of
0.2/0.4 cm with inner electrode longitudinally translated at (a)
LTD between 0.157 and 0.205 cm and (b) LTD between 0.205 and
0.448 cm.calculates the potential at a location in space by aver-aging adjacent potentials. This is repeated until the
values change less than some preselected threshold.
Having calculated the electric fields in the vicinity of the
hemispherical dome of the inner electrode, the trajec-
tory of an ion is calculated for one cycle of the wave-
form at each location. The net motion of the ion at each
location is used to calculate the virtual field strength
that the ion is experiencing at every such location. From
this resulting virtual field, the behavior of one ion or of
the entire cloud of ions can be calculated without
further need for the time-dependent fields of the asym-
metric waveform. The overall behavior of the ion in the
time-dependent fields has been replaced by an average
behavior wherein the virtual potential well is time-
independent, to provide significant simplification (and
good accuracy) of the modeling of the cloud of ions.
If the LTD is exactly equal to the spacing along the
cylindrical parts of the electrodes, the fields are exactly
spherical and a numerical approximation of the electric
fields is not necessary. At any other LTD the fields are
computed with numerical methods. Figure 7a illus-
trates the virtual potential between the tip of the domed
inner electrode (located at the right side of the figure)
Figure 6. Experimental CV scans for Cs at DV 5000 V using
cylindrical FAIMS with inner/outer electrode radii of 0.4/0.6 cm
with inner electrode longitudinally translated at (a) LTD between
0.146 and 0.198 cm and (b) LTD between 0.198 and 0.304 cm.
having inner/outer electrode radii of 0.2/0.4 cm.
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0) taken along the axis of rotation of the inner electrode,
for the case wherein the LTD is about 0.4 cm for the
domed FAIMS with inner/outer electrode radii of 0.2/
0.4 cm. The DV of the asymmetric waveform is 5000 V
and the CV is 41 V, corresponding to approximately
mid-width of the peaks in the CV traces shown in
Figure 6 for an LTD of about 0.2 cm. In diagram
Figure 7a the distance between the tip of the domed
electrode and the outer electrode is about twice the gap
of the cylindrical portion of the analyzer region, and the
strength of the electric field originating from the 5000 V
asymmetric waveform has decreased considerably rel-
ative to the cylindrical portion of the analyzer. Under
these lower field conditions the expected CV for the ion
to be in a “balanced” condition is very low. However,
with CV of 41 V applied to the inner electrode the ion
is attracted to the inner electrode from every location
along the distance between the inner electrode and the
outer electrode along the axis of rotation. In other
words, the ions are driven toward the inner electrode
by a sloped “virtual potential surface” that lacks a
minimum at any location between the inner and outer
electrodes.
Figure 7b indicates the virtual potentials along the
same line as shown in Figure 7a, except with LTD of
approximately 0.2 cm, the only location where the fields
are exactly spherical. Unlike the virtual potential shown
in Figure 7a, a well has formed approximately mid-way
between the tip of the hemispherical inner electrode
and the outer electrode. Although the well is not very
deep, approximately9.5 V, this will focus the ions and
help to prevent loss of the ions through collision with
the electrode surfaces. For comparison, the dashed
curve is the potential well for a spherical geometry
calculated using the exact formula for the electric fields
produced by the asymmetric waveform. In both cases
the motion of the ion was calculated using numerical
methods.
At an LTD of approximately 0.14 cm shown in Figure
7c, the electric fields a r e considerably stronger than at
the values of LTD shown in Figure 7a and b. The ions
are forced to collide with the outer electrode by a
steeply sloped virtual potential surface that lacks a
minimum between the inner and outer electrodes. Fig-
ure 8 shows the virtual potentials between the inner and
outer electrodes of the 0.2/0.4 cm FAIMS for a series of
LTD values falling between 0.4 and 0.14 cm. The virtual
potential surfaces have been offset from each other for
clarity in this figure, but all were calculated taking the
tip of the inner electrode to be at a potential zero as a
reference point. The deepest well in the potential sur-
face appears at an LTD of about 0.2 cm.
The virtual potential curves shown in Figure 8 were
all calculated at a DV  5000 V and CV  41 V, and
predict the range of LTD over which ions may success-
fully traverse the region near the tip of the inner FAIMS
electrode at this specific condition of applied voltages.Figure 7. Calculated virtual potential well for Cs at DV 5000 V
and CV 41 V for FAIMS with inner/outer electrode radii of
0.2/0.4 cm taken along the axis of rotation between the tip of the
inner electrode and the ion exit in the outer electrode at LTD of (a)
0.4 cm, (b) 0.2 cm, and (c) 0.14 cm. Dashed line in (b) is the
calculated virtual potential well for pure spherical geometryThis should assist in understanding of the curves
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mation at a single CV of 41 V, it is interesting to
consider those LTD values for which some ion trans-
mission is observed at this CV in Figure 6. For example,
consider the CV peak in Figure 6 that was collected at
an LTD of approximately 0.159 cm. From the potential
surface shown in Figure 8 for this LTD it might be
concluded that the ions cannot pass through the region
near the tip of the inner electrode of FAIMS at CV 41
V and LTD of 0.16 cm because the potential surface has
no well in which to focus the ions and the transmission
is expected to be low. Figure 6 confirms that this is
consistent with experiment, since at an LTD of about
0.159 cm and CV 41 V the signal for Cs is below 10%
of peak intensity.
In summary, the width of the CV peaks in the
Figure 8. Calculated virtual potential well for Cs at DV 5000 V
and CV 41 V for FAIMS with inner/outer electrode radii of
0.2/0.4 cm taken along the axis of rotation between the tip of the
inner electrode and the ion exit in the outer electrode at various
LTD between 0.14 and 0.4 cm. Curves have been shifted vertically
for clarity. The right-hand end of each curve is adjacent to the tip
of the inner electrode as shown in Figure 7, and taken to be at zero
potential.experimental data in Figures 5 and 6 is a result of ionseparation by the equivalent of two different FAIMS
operating in tandem. The first separation occurs along
the cylindrical portion of the electrodes, and a second
separation occurs around the tip of the inner electrode.
While the first, cylindrical portion of FAIMS cannot be
altered by moving the inner electrode and the range of
CV over which the ions are transmitted cannot be
modified, the experimental window of CV over which
ions are transmitted can be altered using the second
analyzer region near the tip of the inner electrode. This
second separation is experimentally controlled using
LTD. The resolution of the separation of ions in FAIMS
can be controlled by adjustment of the longitudinal
position of the inner electrode, providing low resolution
for maximization of the number of different ions that
can simultaneously be observed at a single CV, and
higher resolution to improve separation of ions that
would otherwise be difficult to distinguish.
Conclusions
The peak shape of the CV spectrum has been evaluated
for domed type cylindrical geometry FAIMS electrodes
with inner/outer electrodes of radii of 0.2/0.4 and
0.4/0.6 cm. By translating the inner electrode longitu-
dinally, the shape and dimensions of the region near the
tip of the inner electrode vary, and the window of CV
over which ions can be transmitted also varies. The
peaks in the CV spectrum become narrower as the LTD
deviates from the electrode spacing along the cylindri-
cal portion of the electrodes. The peak width of the CV
spectrum is controlled by the cylindrical portion of the
electrodes when LTD is approximately equal to the
electrode spacing along the cylindrical portion of the
electrodes. As the LTD is increased, the CV peak is
truncated on the high voltage side as the stream of ions
is lost by collisions with the inner electrode. When LTD
is decreased, the CV peak is truncated on the low
voltage side through loss by collisions with the outer
electrode. The final tandem FAIMS separation is the
intersection of the separation CV windows of these two
differing separations, where the LTD controls the CV
window of the second separation.
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